To describe the occupational exposure to acute poisoning by pesticides, especially organophosphates, and its incidence.
INTRODUCTION
The use of pesticides is intensive throughout Brazil, which is one of the largest markets for these products in the world. 17 Among family farms in the Serra Gaúcha region, 95% of them use pesticides frequently.
Despite the intensive consumption of pesticides, the offi cial records regarding poisoning are limited to acute cases and they are almost nonexistent for cases of chronic poisoning. Although the National System for Disease Notifi cation (Sistema Nacional de Notifi cação de Agravos, Sinan) is the offi cial notifi cation system for pesticide poisoning, in practice the system most used is the National Toxicological-Pharmacological Information System (Sistema Nacional de Informações Tóxico-Farmacológicas, Sinitox) . Sinitox mainly picks up the more severe cases, with an approximate coeffi cient of eight cases per year/100,000 inhabitants, among which suicide attempts predominate. 9 In Bento Gonçalves (Rio Grande do Sul, RS), from the municipal information system on cases of poisoning and an active search in emergency service medical records, a coeffi cient of 65 cases of pesticide poisoning/100,000 inhabitants/year was found, with predominance of occupational cases.
9,11 However, individuals with mild or moderate poisoning do not always seek health services or are not diagnosed as cases of poisoning.
Case defi nition has been a challenge for research and for health services. Exposure is usually multichemical and, in many cases, no biomarkers are available. Thus, workers' reports are fundamental for diagnosing cases of poisoning, even with the frequent information problems. Furthermore, insuffi ciencies in human and laboratory resources for establishing diagnoses may interfere in identifying the poisoning. 21 Aiming to overcome these diffi culties, the World Health Organization (WHO) recently put forward a tool that standardizes the defi nition of cases of acute poisoning and contributes towards improving the estimates for the incidence of pesticide poisoning. 21 The present study had the objective of describing the occupational exposure to pesticides and the incidence of acute poisoning caused by pesticides. Results from biological monitoring of organophosphates were also evaluated in relation to pesticide-related symptoms.
METHODS
This was a cross-sectional descriptive study conducted in two districts of Bento Gonçalves, among farmers and farm workers with frequent exposure to pesticides. The region is characterized by small and medium-sized family farms, with predominance of fruit-growing. Peach cultivation was defi ned as the criterion for selecting the farms, because this activity uses greater volumes of organophosphate insecticides.
The sample size was calculated using EpiInfo-2000, considering the following parameters: farm population (around 3,000 people); estimate for poisoning cases = 3%; margin of error = two percentage points; confi dence level = 95%. After adding 10% for possible losses, the sample size was calculated as 282 farm workers.
The sample selection was done using a list of peachproducing family farms that was drawn up in a partnership involving agronomists from the Technical Assistance and Rural Extension Company (Empresa de Assistência Técnica e Extensão Rural, EMATER) and healthcare teams. Each family farm, out of a total of 235, indicated at least one worker who was among the ones with greatest exposure.
The fi eldwork was done in two stages: fi rstly, during a period with low exposure (June-July 2006) and, secondly, during a period with intensive exposure to pesticides (November-December 2006) . The interviews were conducted by professionals from primary healthcare units, after specifi c training.
The questionnaires sought sociodemographic information, data on the family farm and characterization of the use of pesticides in the farm. Smoking, alcoholic drink consumption, histories of hepatitis or other chronic diseases and use of medications were also investigated. Alcohol consumption was considered to be a risk factor when greater than or equal to three doses/day for men or two doses/day for women (one dose = one half-bottle or one can of beer; or one glass of wine; or one measure of distilled drinks).
a High-risk alcohol consumption, defined as more than three doses/day, was also examined.
Occupational exposure to pesticides was measured according to the type of exposure (applying, mixing, helping in application, equipment cleaning, transportation and storage, reentering locations after application, veterinary use and washing contaminated clothes), duration of exposure (in days, months and years of exposure), use of personal protection equipment and chemical types used during the 20 days prior to each stage.
The criterion for acute pesticide poisoning defi ned by WHO was used: any disease or effect on health resulting from suspected or confi rmed exposure to pesticides that occurs within 48 hours (with the exception of rat poison). The effects could be local and/or systemic and included toxic reactions in the respiratory, cardiovascular, neurological, urinary and endocrine systems and allergic reactions.
21
The incidence of pesticide poisoning was related to six and twelve-month periods preceding the interviews and throughout life. Acute conditions of poisoning were evaluated using a questionnaire on 22 recent symptoms that are common in cases of pesticide poisoning (occurring over the 10 days preceding the interview) and laboratory cholinesterase assays. Each symptom was classifi ed as related to the use of pesticides, when it started or worsened after the use of these products. In accordance with WHO's proposal, a criterion was fulfi lled in relation to each of three categories, obtained as follows: 1) Exposure: a plausible description of the exposure based on information reported by workers, with recording of pesticide usage (farm workers were generally the individuals with greatest exposure).
2) Effects on health: possible cases were considered to consist of complaints of two or more subjective symptoms; probable cases were considered to consist of complaints of three or more symptoms compatible with pesticide exposure.
3) Causality: temporal cause and effect relationships between exposure and effects on health that were consistent with the known toxicology of the pesticide. Only symptoms that appeared or worsened after working with pesticides were analyzed.
Cases in which the workers did not have any recent exposure to pesticides were left out. Everyone who reported having two or more symptoms relating to pesticides was evaluated in relation to other health problems. Cases in which another health problem could also explain the reported symptoms were considered doubtful.
To evaluate the inhibition of plasma butyrylcholinesterase (BChE), the assay obtained during the period of low insecticide exposure was used as the reference measurement. The second sample was collected at the peak of insecticide use. Tests were performed using the kinetic enzymatic method. Several cutoff points were evaluated to defi ne poisoning: the offi cial criterion, i.e. Regulatory Norm 7 (NR7), a consisting of a 50% reduction in BChE; and other parameters such as a reduction of 20 to 30%.
3,15
The statistical analysis included central trend and dispersion measurements for continuous variables and proportion analysis. Associations were evaluated using the chi-square, linear trend and Pearson's correlation tests. The results were discussed with the farm workers and with rural extension professionals. Unknown data were excluded from the calculation, for all variables.
This project was approved by the ethics committee of the School of Medicine of the Universidade Federal de Pelotas. Each participant was informed about the ethical commitments and voluntarily signed a informed consent statement.
RESULTS
In the fi rst stage, 290 workers from 235 family farms participated (16.7% losses). In the second stage, 246 workers from 197 family farms participated. In total, 241 workers had their cholinesterase measured in both stages.
With regard to the characteristics of the family farms, the mean area of the properties was 18.4 hectares (standard deviation, sd = 11.4) and the maximum was 59 hectares. The main fruits planted in the farms were: peaches (selection criterion) and grapes (91%), plums, kakis and kiwis (25% to 31%).
Most of the farms handed over the pesticide containers for selective collection (86.3%) and received copies of agronomical prescriptions (84.6%) ( Table 1 ). The farmers bought pesticides from several places, but almost half (49.2%) purchased them from salesmen who visited the property. The pesticides were applied using a tractor (87.2%), hoses with nozzles (spraying bars) (44%) and backpack spraying equipment (23.1%).
All of the family farms used several types of pesticides. On average, 12.2 types of pesticide were used (sd = 4.8), ranging from four to thirty. On the 20 days preceding the second stage, a mean of 4.6 different commercial products were used (maximum of 23).
In total, 180 different commercial brands of pesticides were declared, classifi ed into 37 chemical groups. Among these commercial names, three (1.7%) were prohibited products or products with registrations that had been cancelled; 32 (17.8%) were identifi ed but were not included in the Pesticide Information System (Sistema de Informação sobre Agrotóxicos, SIA); b 17(9.4%) were not identifi ed in any source; and 127 (70.6%) were available in the SIA list. Table 2 presents the main products used on the properties. Prominent among these were the herbicide glyphosate (98.3%) and organophosphate insecticides (97.4%). The use of arsenic as ant poison was reported by 19.6% of the properties.
With regard to the workers' characteristics, the sample was basically male (95.2%) ( Table 3 ). The mean age was 38.5 years (sd = 11.1), ranging from 16 to 71 years. Three people (1%) were under 18 years of age and four (1.4%) were over 60 years of age. Most of them (88.2%) were from the family that owned the property, 9.3% were tenants or partners and only 2% were employees. The mean schooling level was 6.8 completed years (sd = 2.5); three had only had up to one year of schooling, three had concluded university-level education and 114 (39.7%) had had eight years of schooling or more (Table 3) .
Risky alcohol consumption was reported by 17.8% of the men and 14.3% of the women. High-risk consumption (over three doses/day) was admitted by 8.3% (all men).
The prevalence of regular smoking (at least one cigarette/day) was 8.3%. Putting together the regular smokers and the occasional smokers, the prevalence of smokers was 12.8% and 11.8% were former smokers.
Amongst the interviewees, 27.7% said they had a chronic disease: cardiovascular 11.3%), depression (3.1%), arthrosis/osteoporosis (1.7%) and asthma/allergies (2.8%). Hepatitis was reported by 24 people (8.4%): seven with type A, fi ve with type B, two with type C and 11 with non-identifi ed hepatitis.
In each family farm, an average of two people worked directly with pesticides. Working with pesticides began before the age of 15 years for 20.1% and by the age of 17 years for 53.1%. The mean length of time with exposure to chemicals was 19.4 years (sd = 10.5). During the months of intensive use, they usually applied pesticides on eight days per month (maximum of 25 days). More than 94% of the workers reported that they "always used" personal protection equipment (Table 1) .
Most of the workers (70%) also handled other chemical products: 68.3% fuels (gasoline and diesel), 4.8% solvents (kerosene and thinner), 3.1% paint and 2.4% degreasers. No association between the use of these products and cases of poisoning, nor with reduced cholinesterase levels, was found.
In evaluating cases of pesticide poisoning in the fi rst stage, 43 workers (14.9%) said they had previously been poisoned, including 11 (3.8%) who reported occurrences of poisoning over the 12 months preceding the fi rst interview. During the period between the two stages, seven people (2.8% of the valid cases) reported that they had suffered new episodes of poisoning (two had had previous episodes). Over these 18 months, 16 workers (6.5%) with recent poisoning were identifi ed. In total, 48 workers (19.4%) reported lifetime poisoning episodes.
Over the two stages, 56 products were indicated as causing poisoning: 29% dithiocarbamates; 16% organophosphates; 11% glyphosate; 9% cyanamide; 7% arsenic, 4% paraquat and others.
After excluding the doubtful cases, the possible cases of poisoning (WHO criteria) in stages one and two accounted for, respectively, 18.5% and 20.4%. Probable cases represented 11.1% and 10.6%. The symptoms most commonly relating to working with pesticides were ocular, headache, dizziness and dermatological symptoms ( Table 4) .
The proportion of possible cases of poisoning was higher among women in both stages. Schooling level was shown to have a protective effect against poisoning occurrences during the stage with high exposure to chemicals (Table 5 ). Age and number of years of working with pesticides did not show any association with poisoning cases.
Higher numbers of days per month of working with pesticides was shown to be associated with lifetime pesticide poisoning episodes and with possible poisoning cases, with a linear trend in the second stage (Table 5 ). The use of hoses with spraying nozzles presented an association with possible cases of poisoning in both stages. Possible cases were more frequent among workers who did not use masks (p = 0.02) and head protection (p = 0.07). There were fewer occurrences of poisoning over the 18-month period reported by the workers who said that they "always" used masks, head protection and protective clothes (p < 0.01). The use of masks was shown to be associated with fewer occurrences of two or more pesticide-related symptoms in stage two (p = 0.03) and specifi cally with the symptom of coughing (p = 0.005). More than 92% of the individuals who were probable cases said that they always used all of the personal protection equipment.
High-risk alcohol consumption was detected in 8.3% of the whole sample, in 12.3% of those who presented a reduction in BChE of more than 10% and in 21.4% of those with a reduction of more than 20%. In addition, there was an association with increased numbers of possible cases in the second stage (Table 5) .
With regard to exposure to organophosphates, a fall in the peach harvest greatly reduced the workers' exposure in the second stage. In the group that stated that they used organophosphates over the ten days preceding the second stage, the best cutoff point was two or more pesticide-related symptoms (p = 0.056). In this group, in the stage with intensive use of pesticides, 29 possible cases (27.9%) and 17 probable cases (16.3%) were identifi ed. Among the possible cases, three workers presented decreases in BChE of at least 20%, i.e. 2.9% of the 103 workers who used organophosphates over the ten days preceding the second stage (excluding unknowns). All of them said that they "always" used personal protection equipment. None of the probable cases showed a larger decrease in BChE than 20%. The only worker with a BChE decrease greater than 50% did not fulfi ll the poisoning criteria: this individual had high-risk alcohol consumption and hepatitis B and did not report pesticide-related symptoms or exposure to organophosphates before stage two (he used other products).
DISCUSSION
The present study characterizes various aspects of occupational pesticide exposure within the context of family fruit-growing. The frequency of acute pesticide poisoning can be measured from several parameters: reported information, recent symptoms and laboratory tests. Furthermore, for the fi rst time in Brazil, the matrix proposed by the WHO was tested. 21 This makes it possible to estimating the frequency of acute poisoning resulting from several types of chemicals, as well as those not picked up from the reported information.
Organizing this study into two stages made it possible to use each worker's own measurements as reference values for cholinesterase. These were obtained during the stage with low insecticide exposure and can be considered to be the gold standard. 15 This criterion reduces the problems relating to the large variability in cholinesterase levels between individuals.
11 However, 17 workers said that they had used organophosphates over the 15 days preceding the fi rst data gathering. This exposure may have underestimated the decrease in relation to the reference measurement.
In addition, late frost caused a fall in peach production of 77% in relation to the previous year. This led to a marked decline in the use of pesticides, especially organophosphates, which was the focus of the laboratory evaluation. Thus, the data on pesticide poisoning must be considered to be minimum estimates. In ordinary years, the numbers of episodes would probably be greater.
Although adequate for the descriptive results, the sample size was insuffi cient for some analyses. Selection of workers with greater exposure may have emphasized the healthy worker bias. Even though reported information is recognized as a source of reasonable accuracy in studies involving agricultural work, 6, 12 there may have been errors of classifi cation or memory failures in the information. Regulatory norm 31 prohibits people under the age of 18 years or over the age of 60 years from doing work involving pesticides. a The proportion of workers exposed to pesticides in these age groups is probably greater than what was found, because in addition to the selection of workers with greater exposure, more than half of workers began their occupational exposure to these products before the age of 18 years. Health protection in these age groups is a complex challenge in family agriculture settings, where adolescent participation is generally encouraged and elderly people's work is essential.
4,16
These agricultural workers had high pesticide exposure. On average, they used 12 different types of products. Products with little toxicological information available, such as fi pronil, were used in most properties. At the same time, prohibited products with high toxicity were also used frequently: around 20% of the farms reported that they used arsenic, but the real estimate is probably higher. For most of these chemical types, no biomarkers are available in either public or private laboratories.
The profi le of the interviewees was shown to be very different from the profi le of agricultural workers from other regions of the country: around 20% had gone beyond the elementary school level, thus contrasting with the rate of 3% to 8% found in other studies 2, 8, 10, 13, 20 or with a study from Pernambuco (Northeastern Brazil), where 41% were illiterate and 42% had only been to school for up to 4 years. 1 The high proportion of the workers that applied pesticides using tractors, handed over the containers for selective collection, received copies of agronomical prescriptions and used personal protection equipment reveals that they had greater access to technical advice and better working conditions. However, as only 40% had completed elementary school, schooling level showed a protective effect against pesticide poisoning, thereby agreeing with other studies on agricultural workers. 14, 19 Adherence to the use of personal protection equipment in applying and preparing the solutions was confi rmed by other local sources (technical assistance companies, unions and healthcare teams). However, this care was hardly ever taken when reentering locations that had been sprayed, during the crop thinning or during the harvest, which would be the times of skin exposure. Despite the great adherence to the use of personal protection equipment and the higher proportion of poisoning cases among individuals who did not use personal protection equipment, several cases of poisoning occurred among workers who always used these protection methods. Thus, the real protection provided by personal protection equipment remains undefi ned, because it was not possible to confi rm whether the equipment used was adequate for the risk. Moreover, other sources of non-occupational exposure (environmental or food sources) may have interfered in these results.
The frequency of symptoms relating to pesticides was greater in the fi rst stage than in the second, thus suggesting lower exposure than what was expected. This result can partially be explained by the reports from workers who correlated ocular and dermatological symptoms to the "winter treatments" (lime sulfur solutions and copper, among others).
The use of symptom questionnaires as case defi nition criteria was shown to be a valuable strategy, considering the biomarker limitations. A list of 22 symptoms was tested and, for exposure to the organophosphates, the best criteria were combinations of two or more symptoms with a reduction in cholinesterase levels of at least 20%, thus supporting the criteria for possible cases suggested by WHO.
21
The reported estimates for pesticide poisoning (3.8% over 12 months and 19.4% at some point in life) was consistent with a previous study in the same region.
8 The latter included all agricultural workers and identifi ed poisoning rates of 2% and 12%, respectively. On the other hand, the incidence of probable cases according to the WHO classifi cation (11%) was higher than the fi gure from the farmers' information, thus suggesting that this criterion is more sensitive.
The BChE measurement mainly represents the exposures that occurred over the ten days preceding the data gathering, because after this period, the phase of cholinesterase level replacement began. 15 Among the probable cases of organophosphate exposure over the preceding ten days, there was no decrease in BChE. Likewise, other authors did not fi nd substantial decreases in BChE, although they found important neuropsychiatric effects. 7, 18 Another point to be discussed further is the cutoff point in relation to BChE. The defi nition from NR7 d states that the maximum biological index permitted for organophosphates is a decrease in plasma cholinesterase to levels greater than or equal to 50%. The parameters used by other authors were more conservative: the best cutoff point was considered to be a decrease in BChE (and/or a The maximum biological index permitted by NR7 defi nes a limit under which occupational exposure should be considered "safe" for workers. Thus, a more conservative criterion could stimulate earlier implementation of protection actions and decrease the effects relating to organophosphate poisonings.
The higher proportion of high-risk alcohol consumption in the group with decreased BChE and the association with possible cases in the second stage suggests that there is a relationship between alcoholism and poisoning. This association was found in the municipalities of Antonio Prado and Ipê, where alcoholics accounted for twice as many cases of pesticide poisoning (adjusted odds ratio 2.07; 95% CI 1. 21-3.56 b ). In Nova Friburgo (State of Rio de Janeiro), 32% of the workers with decreased BChE presented alcoholic liver disease.
2
These results indicate the importance of taking into consideration alcohol consumption in evaluating pesticide poisoning, because of the liver overload and neurotoxicity that result from the action of both of these substances. acute pesticide poisoning, the matrix proposed recently by WHO has been found to be a viable instrument for epidemiological studies and health services. 21 It is recommended that this matrix should be tested in different agricultural contexts, with samples that are adequate for examining associations. Another suggestion is to perform a study with appropriate methodology for validating a symptoms questionnaire relating to multichemical exposures. For this, laboratory evaluations must include not only cholinesterase but also other biomarkers, to refl ect the regional chemical diversity.
Taken as the tip of the iceberg of the health problems relating to pesticides, acute poisoning remains a challenge for Brazilian public health.
